Abstract. The ATLAS detector at the LHC is a general purpose experiment for studying p + p collisions at TeV energies. This talk presents early ATLAS physics measurements, based on O(10 nb −1 ) of data from the first half year of LHC running. Topics include minimum bias and soft QCD physics, W and Z observation, and various measurements of detector performance.
Introduction
This talk presents the latest results 1 of the ATLAS experiment at the Large Hadron Collider (LHC). The LHC started operations in December 2009, and by the time of this conference had collided protons at center-of-mass energies of 0.9, 2.36 and 7.0 TeV. The ATLAS detector is described in detail elsewhere [1] , as are its expected capabilities for physics discoveries [2] . In brief, ATLAS is a general purpose detector for LHC physics, of barrel plus endcap design. From the collision point and outwards it consists of an inner detector system for precision tracking, followed by electromagnetic and hadronic calorimeters, and finally a muon spectrometer. Barrel (inner) and toroidal (outer) magnetic fields provide bending for particle momentum determination.
ATLAS has been online and operational for all three collision energies delivered by the LHC. As of the PASCOS conference, the LHC had delivered an integrated luminosity at 7.0 TeV of 287 nb −1 , of which ATLAS had recorded 270 nb −1 . The results to be presented here are based on O(10 nb −1 ) of data at 7.0 TeV. While a dataset of this size is not enough for significant discoveries, it is sufficient to give us a detailed understanding of the performance of the ATLAS detector and rediscover the Standard Model of particle physics in a new energy regime Topics to be covered in this proceeding include the early performance of various parts of the detector, measurements of heavy resonances like J/ψ, W ± and Z 0 , and a detailed study of charged particle production in minimum bias collisions at 7.0 TeV.
ATLAS detector performance
To be able to measure cross sections, knowledge of the absolute luminosity delivered by the LHC at the ATLAS interaction point is required. ATLAS measures luminosity using a combination of independent detectors and LHC van der Meer scans, and estimate an instantaneous luminosity uncertainly of 11%. This number is applied for the analyses presented in sections 3 and 4. Details of the ATLAS luminosity measurements can be found in [3] . Figures 1 and 2 show examples of the early performance of the ATLAS inner detector for tracking and reconstruction of resonances. Figure 1 shows the invariant mass peak of oppositely The three-dimensional decay length significance, signed with respect to the calorimeter jet axis, for all secondary vertices reconstructed in data events (markers). The expectation from simulated events (histogram) for non-diffractive minimum bias events, normalized to the number of jets in the data, is superimposed. See [7] for details. charged track pairs subject to requirements on the position of a secondary vertex position and pointing angle, around the known mass of the Λ 0 baryon. Both data (black points), MonteCarlo (histograms) and a fit to the signal plus background(red line) are shown. Figure 2 shows a similar analysis for the decay of Ξ(1320), where the previously reconstructed Λ 0 s are also used. In both cases, mass values and resonance widths are consistent with the values quoted by the Particle Data Group [6] . See Refs [4] and [5] for details.
The performance of both the ATLAS inner detector tracking and the calorimeter based jet reconstruction is indicated by figure 3, which shows b-tagging results using the decay length significance method. See Ref. [7] for details. The figure shows a region L/σ(L) ≥ 10 where jets from b-jets dominate, providing a clear handle on b quark production. It can also be seen that to reproduce the observed data (black circles), both b-jets, c-jets and light jet flavour production must be taken into account. Figure 4 indicates the performance of the ATLAS muon system, here used to reconstruct the J/ψ → µ + µ − decay. Oppositely charged pairs of well reconstructed muons are selected and their invariant mass fitted in the window of 2-4 GeV/c 2 . The reconstructed mass value for J/ψ is close to the Particle Data Group [6] value and the background level is as expected from MonteCarlo simulations. See [8] for details.
Observation of W and Z candidates
Production of W ± and Z 0 bosons is of great interest at the LHC, both for precision studies of the Standard Model and for determination of backgrounds for searches for new physics. Within the data sample analysed by ATLAS by the time of this conference, 23.1 ± 1.2 (stat) ± 1.7 (syst) ± 4.6 (lumi) W → eν decays and 28.7 ± 0.5 (stat) ± 3.9 (syst) ± 5.7 (lumi) W → µν decays are expected. Only 1.6 ± 0.1 (syst) ± 0.3 (lumi) Z → ee and 3.2 ± 0.7 (syst) ± 0.6 (lumi) Z → µµ events are predicted by the Standard Model. Figures 5 and 6 show the final transverse mass m T = (2p l T p ν T (1 − cos(φ l − φ ν )) distributions for the electron and muon channels respectively. Here p l T and φ l are the transverse momentum and angle in the transverse plane of a selected lepton, while the values p ν T and φ ν are taken to be the magnitude and direction of the missing transverse energy (E miss T ) vector as measured by ATLAS.
Well reconstructed and isolated leptons with high transverse momenta are selected, and combined with a requirement of E miss T > 25 GeV. For the electron events, an inner detector track pointing to an energy deposit in the electromagnetic calorimeter is required, as well as E el T > 20 GeV. For the muons a match between an inner detector track and a muon system track is required, as well as p µ T > 20 GeV.
The data points (black crosses) are well described by the expected Monte Carlo based sum of signal events and backgrounds from QCD and W/Z decay events in other channels. The total number of W candidates observed is 17 in the electron channel and 40 in the muon channel, consistent with the Standard Model predictions listed above. See [9] for details.
Z bosons decaying into e + e − and µ + µ − are also searched for, with similar analysis cuts on the e and µ candidates as described above. A single Z → ee candidate is left after all cuts, with an invariant mass of m ee = 91.4 GeV/c 2 . Similarly two events survive the cuts on the Z → µµ channel, with invariant masses of m µµ = 81.6 GeV/c 2 and 80.2 GeV/c 2 respectively. In both cases this is consistent with the Standard Model predictions. See [9] for details, and the ATLAS public webpage [14] for example event displays of these and other events.
4. Minimum-bias charged particle production An early measurable at the LHC is the charged particle density in minimum bias collisions, as function of transverse momentum of the leading track, pseudorapidity and other variables. ATLAS reported on this for 900 GeV data in [10] , and has presently extended this analysis to 7 TeV. A similar analysis for the middle energy of 2.36 TeV, which as also been delivered by the LHC, is underway. Charged particle density as function of transverse momentum in minimum bias collisions at 7 TeV with n ch ≥ 6, compared to the new tune AMBT1 (red solid line), the MC09c tune (blue dashed line), Perugia0 tune (magenta dash-dotted line) and DW tune (brown long dashed line). From [11] .
Figures 7 and 8 shows preliminary ATLAS results on charged particle production at 7 TeV as function of pseudorapidity and transverse momentum of the leading track respectively. Soft collisions, or interactions yielding a low charged particle density (n charged ), are less well understood theoretically than hard interactions, so to minimize the model dependence a reduced phase space has been studied. The final analysis cuts are p T > 500 MeV and n charged ≥ 6. For details of the analysis, see [11] .
[rad] The two main features when comparing the results to model calculations based on PYTHIA [12] is that all the most common model tunes, including Perugia0 and DW, underestimate the total multiplicity by 10-15% and also predict too hard p T spectra. With the aim of providing an improved PYTHIA tuning for LHC data, ATLAS has performed a study of the underlying event (UE) in soft collisions. A thorough knowledge of the UE is required e.g. for doing lepton isolation in high-p T analyses.
The present analysis selects tracks in regions towards, away from, and transverse to the leading track, and attempts to isolate the effects of the underlying event by studying these regions separately. Figure 9 shows the azimuthal angle between a selected track and the leading track for various cuts on the leading track p T , compared to the previous ATLAS MonteCarlobased PYTHIA tune MC09. The activity in the towards and away regions is readily seen, while there is still a plateau of activity observed in the transverse region. Figure 10 shows, as an example, the d 2 N ch /dp T dφ as function of leading track p T for the transverse region, compared to model predictions. See [13] for details.
Based on the above figures, and similar ones for other measurables such as the mean transverse momentum as function of charged particle density, ATLAS has performed a re-tuning of the PYTHIA parameters for multi-parton interactions and color reconnections,and released an LHC tune called AMBT1. It uses as input ATLAS UE data at center-of-mass energies 0.9 and 7 TeV, as well as data from CDF and D0 at the TeVatron. The resulting MonteCarlo fits to data, which can be seen in figures 7 and 8, provide a better description of both the overall multiplicities and spectral shapes, though it is clear that the model description is still far from perfect even for these overall variables.
Conclusions
After the LHC produced its first record energy collisions in 2010, ATLAS has promptly delivered high quality results covering a wide spectrum of physics processes. Analyses have been performed at all levels, from detector commissioning and calibration, through reconstruction of stable objects and resonances, to early searches for new physics. This talk has presented results from a small number of these, while yet more will be shown at various conferences during Summer 2010.
At the same time the LHC continues to deliver 7 TeV beams with ever increasing luminosities. This talk has demonstrated that ATLAS can efficiently reconstruct both high and low p T objects, and perform accurate physics analyses based on the ever increasing integrated luminosity.
For further and more recent results, please see the ATLAS public results webpage [14] .
